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The 2003 Spring Meeting of the Japan count of about 22,000, JSAP is one of the 
Society of Applied Physics (JSAP) was held largest scientific communities in Japan, 
from 27-30 March, at the Yokohama campus members involved in research ranging from 
of Kanagawa University. In spite of con- photonic nanometers to high temperature 
cerns about the conflict in the Gulf and superconductors. The meeting offers an 
lackluster economic figures, the meeting excellent opportunity for an update of the 
was well attended with some 9000 partici- status and possible trends in applied 
pants. Established in 1946 and with a head physics in Japan. 
Review of Ill-Vs at Japan’s 
spring physics meeting 
The Japanese 
Ill-V community 
now resonates to 
a new set of 
keywords; 
nitrides, photonic 
nanostructures 
and broadband 
communications. 
In the mid 1980s some of the keywords in III-V 
R&D in Japan were GaAs/AlGaAs high speed 
electron devices (HEMT, HBT), mass produc- 
tion, solid source and gas source MBE, MOCVD, 
LPE, InGaAs/InAlAs quantum wells and large 
area GaAs substrates. But when the bubble 
burst in the early 199Os, certain corporations 
responded by reducing, and in some cases, ter- 
minating investment in basic research of III Vs 
focusing on ideas development with practical 
applications. 
With the advent of the 21st century, major cor- 
porations found themselves relying on govern- 
ment funding for basic research as part of 
industry and academia collaboration projects. 
The Japanese III-V community now resonates to 
a new set of keywords; nitrides, photonic nanos- 
tructures and broadband communications. 
Presentations at the JSAP meeting reflect these 
new realities, seen by the increase in the num- 
ber of reports on GaN FETs, spin electronics, 
quantum computing and the increase in indus- 
trial groups funded by national projects. 
Summary of selected papers 
III-V lasers and LEDs 
Lateral junction visible AlGaAs LED array (ATR, 
Adaptive Communications Research Laboratory.) 
Use of lateral junctions enables the fabrication of 
high density LEDs in printers.Visible AlGaAs LED 
arrays were fabricated on patterned (3 11) GaAs 
substrates by MBE growth. Electroluminescence 
showed room temperature laser oscillation with a 
single mode centered at 673nm. 
Two step growth of 66Onn1 AlGaInP laser 
diodes by dry etching (Sanyo Electric Co Ltd). 
High power 66Onm wavelength lasers are impor- 
tant in the development of high density optical 
memory systems such as DVD-RAM. A two step 
growth process was developed for improving the 
temperature characteristics of AlGaInP laser 
diodes. Dry instead of wet etching was used to 
define ridge stripes, buried in AlInP. to yield 
refractive index waveguides.The resonant cavity 
was 1100ym. Light output was 180mW under 
250mA pulsed current operation at 70°C. Impro- 
vements in operating characteristics were attrib- 
uted to the use of the new dry etching process. 
Room temperature operation of GaInAsP/InP 
quantum wire lasers (Tokyo Inst.Technology.) 
GaInAsP/InP multiple quantum wire laser struc- 
tures fabricated using electron beam lithography 
and CH4/H2 dry etching.The structures, incorpo- 
rating five GaInAsP layers with a width of 23nm, 
were mounted on copper and CW measure- 
ments made at room temperature.Threshold cur- 
rent for the optimised structures was 252 A/cm2 
(L=l.24 micrometers, stripe width=20pm, emis- 
sion wavelength= 1,52ymeters).This threshold 
current was observed to be stable even after 630 
hours of CW operation. 
Self assembled ZnAs quantum dot laser (Univer- 
sity of Tokyo.) Room temperature laser oscilla- 
tion observed in self assembled InAs quantum 
dot lasers grown on GaAs substrates by MOCVD. 
The InAs active layer was sandwiched in stress 
free InGaAs layers and a ridge type laser struc- 
ture fabricated. Electrical measurements on a 
700 pm resonant cavity laser structure show an 
oscillation wavelength of l.lSpm and a threshold 
current of 6.7mA. Laser structures with a 2mm 
resonant cavity yielded a lower threshold current 
of 147 A/cm’. Electroluminescence measure- 
ments indicate the lasing to be due to emission 
from quantum dot energy levels. 
High performance GaInNAsSb VCSEL lasers oper- 
ating in the 1.&m range. (Furukawa Electric Co 
Ltd,Yokohama R&D Center.) The 1.3l~rn wave- 
length range is important for development of met- 
ropolitan area networks (Wave-length Division 
Multiplexing Systems). Emission characteristics of 
VCSEL lasers composed of GaInNAsSb/GaNAs 
quantum well active layers and p,n-AlGaAs/GaAs 
distributed feedback layers was studied. Cont- 
inuous wave operation was achieved up to 95OC. 
The lasing characteristics at room temperature 
showed a threshold current of 3.4mA, wavelength 
of 1.264~ and output light intensity of 0.73mW 
at 7mA, using a 17pm oxidation window.These 
are the best results ever reported for this system. 
MOCVD growth G fabrication of 1.5,um range 
AlInGaAs high power lasers (Denso Corp.) 
Laser wavelengths above 1.4pm in the ‘eye safe’ 
range are used for monitoring the movement of 
vehicles, so there is demand for high power 
lasers with emission wavelengths of 1.5pm. SCH- 
MQW AlInGaAs laser structure (cavity length of 
450pm; stripe width of 36Opm) were MOCVD 
grown using TMIn,TEGa,TMA1, arsine and phos- 
phine.The laser output was 8W under pulsed 
conditions (SkHz, 50ns) at room temperature. 
Generation of terahertz radiation 
Use of a MgO lens coupler for enhancing the 
intensity of terabertz radiation from the surface 
ofhAs. ( Research Center for Superconducting 
Photonics, Osaka University.) There have been 
reports on the irradiation of magnetic fields onto 
samples for generating intense pulses of terahertz 
radiation. As an alternative to the use of magnetic 
fields, this group reports on generating terahertz 
radiation by irradiating a MgO lens located on the 
surface of InAs with laser light (wavelength of 
8OOnm and pulse width of 100 femtoseconds) 
changing the angle of the dipole moment in the 
sample and its surface. Experimental results show 
a good inductive coupling between the InAs and 
MgO lens and incident light and emitted terahertz 
radiation were only slightly absorbed by the lens 
itself. Intensity of the emitted radiation increased 
by a factor 100 due to the presence of MgO lens. 
Magnetic field dependence of terahertz radia- 
tion from undoped ZnAs (Graduate School for 
Courtesey: http:lfwwwinfo.kanagawa-u.ac jpl-u 17aoklimgpo 190m 
Advanced Studies). Undoped InAs substrates 
placed in external fields of up to 27 T (using the 
28T hybrid magnetic at Tohoku University) and 
irradiated with pulsed monochromatic light from 
a titanium sapphire laser and the emitted tera- 
hertz radiation was detected using a bolometer. 
The radiation shows a ten-fold increase between 
6-14T and decreases for magnetic fields above 
this value. Sub milliwatt levels of radiation were 
obtained under optimised conditions.The use of 
InSb could potentially yield more intense radia- 
tion than InAs due to its smaller carrier effective 
mass.This group also reports on magnetic field 
dependence of terahertz radiation from InSb sub- 
strates. Samples were irradiated by 156Onm and 
780nm light using a mode locked fiber laser. 
Compared with the emission at zero field, the 
intensity of the radiation was found to be one 
hundred times greater and to reach a maximum 
at 1.5T using the I56Onm light source. 
Heterostructures and quantum nanostructures 
MBE growth of InAs/InSb intersubband quan- 
tum cascade laser (Tohoku University.) A 40 
period InAs/lnSb quantum cascade structure 
laser was MBE grown on an n-type InAs (100) 
substrdte.Total thickness of the epitaxial layer 
was 11.9ym and took 27 hours to grow. After 
growth, wet etching was used to fabricate a ridge 
laser structure with stripe width of 30pm, stripe 
length of 0.9mm. Measurement at 4K show laser 
emission at a wavelength of 1Opm with a thresh- 
old current of 4.9kA/cm2. Laser emission was 
observed up to 140K. 
Observation of hysteresis in the Hall resistance 
of 2DEG AlGaN/GaN structures (University of 
Toyo and NTT Basic Research Labs.) Hysteresis 
in the Hall resistance, Rxy, of AlGaN/GaN het- 
erostructures (Ns= 6.6x10 12 cm-*; mobility = 
9540 cm*/Vs at 4.2K) was observed at 0.6K but 
disappeared for temperatures greater than 4.4K. 
This anomaly in the Hall resistance is thought to 
be due to spin splitting of energy levels. 
InAs/AlGaSb 2DEG Hall Effect Sensors on can- 
tilevers (NTT Basic Research Laboratories) AlGa 
Sb/InAs/AlGaSb heterostructure (total thickness 
of 700nm) was MBE grown on GaAs (11 l)A sub- 
strates. Room temperature sheet carrier concen- 
tration (Ns) and mobility of the structure were 
1.8~1012 c-mm2 and 22,000 cm*/Vs, respectively. 
The heterostructure was etched to form a Hall 
bar cantilever, subsequently mounted on a piezo- 
electric actuator for measurement of the effect 
of stress on Ns and mobility. 
Fabrication of via holes in GaAs using Photo- 
sensitive Polyimide Masks (CFU, Hitachi Ltd.) 
GaAs backside via hole etching is important in 
the manufacture of devices such as HEMT and 
HBTs. Contacts through via holes provide low 
inductance grounds critical for device perform- 
ance.Via holes are usually produced by dry etch- 
ing using thick photoresist masks. However, most 
resists only enable the formation of holes of 
about lOOurn depth before the resist degrades 
and is unable to act as a mask.This group used 
photosensitive 22ym thick polyimide ftis (HD- 
6000 made by HD Microsystems) as masks and 
report that the masking ability (selectivity) of the 
polyimide was significantly better than conven- 
tional photoresists during fabrication of 40um 
holes in GaAs substrates by ECR etching. 
Nitride Heterostructure FE’& 
Growth and Electrical Characterisation of 
AlGaN/GaN HEMT on 3”SiC Substrates (Fujitsu 
Quantum Devices Ltd). Low pressure MOCVD 
(TMGa,TMAI and ammonia) was used to grow n- 
GaN/n-AlGaN/i-AlGaN/iGaN HEMT structures on 
3” semi-insulating Sic substrates. A very uniform 
epilayer sheet resistance (354fi2) was obtained 
over the entire 3” wafer. 
Effect of an AlN spacer layer on the perform- 
ance of AlGaN/GaN HFETs grown in Silicon 
Substrates (Sanken Electric Co Ltd.) AlGaN/ GaN 
HFET structures were grown on Si (111) sub- 
strates by MOCVD with AlN/GaN multi buffer 
layers between the silicon substrate and a thick 
nondoped GaN layer.The inclusion of the AlN/ 
GaN buffer layers resulted in an increase of room 
temperature electron mobility from 750cm*/Vs 
(with buffer layer) to 1050cm’/VsAlGaN/GaN 
HFET structures (Ti/Al fi contact; Ni/Au Schottky 
contact; gate length of 4um; S-D separation of 
Ibum; gate width of 44Oum) exhibited Imax of 
220 mA/mm, Gm of 55mS/mm and breakdown 
voltage of 165V at 50 microamps/mm.The Imax 
was 2.5 times larger and Gm 1.6 times larger 
compared to structures not employing the AlN/ 
GaN buffer layers. 
High temperature operation of GaN/Si FETs 
(Furukawa Electric Yokohama R&D Lab). MOCVD 
was used to grow a 0.5um thick crack free layer 
Si doped GaN (2x10 17 cm-“) on p-type silicon. 
This structure was used to fabricate an FET using 
Pt/Au gate electrodes and Al/IX/Au source-drain 
electrodes.The FET operated to 300°C without 
electrical characteristics degradation. 
Fabrication of 120 nm Gate AlGaN/GaN HEMT 
structures (Fujitsu Labs Ltd.) 
The gate leakage current of 120nm AlGaN/GaN 
HEMT structures grown by MBE on sapphire sub- 
strates was improved by a factor of 1000 by 
rapid thermal annealing of the final structure at 
600°C; the leakage current was reduced from 
4x10 -4 A/mm to 4x10-7 A/mm. 
High performance GaN HEMT of sapphire sub- 
strates @JJ MOCVD (Oki Electric Industry Co Ltd.) 
An extremely high conductance of 450mS/mm 
was reported for a GaN HEMT with the following 
structure: n-GaN (20nm)/nAlGaN (25nm)/IGaN 
(3 micrometers).The other figures of merit were, 
Idmax = LA/mm, ff =67 GHz and fmax=I26 GHz. 
The main reason for the excellent performance 
was attributed to fabricating the recessed gate 
slightly closer to the source than the drain. 
A field plate to improve the breakdown volt- 
age of AlGaN/GaN HEMT structures (Toshiba 
Corp, R&D Center.) AlGaN/GaN HEMT struc- 
tures were MOCVD grown on high resisitivity 
4H-SiC substrates. Devices were fabricated hav- 
ing a gate length of 1.5um, gate-drain distance 
of 2-15um and gate width of 200um.At a gate- 
drain separation of lOnm, the devices exhibited 
breakdown voltages as high as 600~. This figure 
compares with a breakdown voltage of only 
90V for HEMT structures not employing the 
field plate. 
Titles on epitaxy of compound semiconductors 
Photoluminescence and reflectance of epitayial 
CdS layers grown on Si(lI1) substrates hot wall 
epitaxy (Ishikawa National College of Technology) 
PL of CdTe thins films on silicon substrates &y 
photo-assisted electrodeposition (Chubu Univ.) 
MOCVD growth of large area CdTe thin j%ns on 
GaAs substrates for x-ray and gamma ray detec- 
tors (Nagoya Institute of Technology) 
MBE growth of BeMgZnSe thin films on GaP 
substrates for Wquantum well laser applica- 
tions (Tokyo Institute of Technology) 
Near field spectroscopy of CdSe quantum dots 
grown by MBE (Osaka University) 
Ordering in InGaP/GaAs heterostructures grown 
bjr MOVPE (University of Tokyo) 
Choice of low oxygen content gase sources for 
growth of AlInAs , InP and AlInAs/InP HEMT Izy 
MOCVD (Tosoh Carp) 
The use of HCI gas for in-situ mesa etching of 
ZnGaAlAs during MOVPE (Hitachi Ltd) 
Selective epitaxial growth of narrow InGaAsP 
stripes by MOVPE at 740Torr (NEC Carp) 
Electrical characteristics of InSb thin films 
grown on GaAs by solid source MBEfor magnet- 
ic sensing (Asahikasei Cot-p) 
MBE growth of GaAsSb/GaZnAs type IZ quantum 
wells on GaAs substrates 1.3 micrometer range 
optical communications. (Hitachi Research Labs) 
MOCK9 growth of GaAsSb and ZnAlAsSb for elec 
tron derlice applications (Nm Photonics Labs) 
MOMBE growth of GaAsNSb/GaAs tunneling 
diodes optical communications (Hokkaido 
University) 
MOVPE growth of GaInNAs/GaAs quantum 
wells on GaAs substrates for laser diode applica- 
tions (Sumitomo Electric Industries Ltd) 
MBE growth GaN/AlN quantum dots (University 
of Tokyo) 
Selective thermal oxidation of AlGaN thin films 
grown by MOCVD for high breakdown voltage 
devices (Matsushita Electric Industrial Co. Ltd) 
MOVPE growth of high quality AlN epitaxial 
films on C-sapphire and GH-Sic substrates (NGK 
Insulators Ltd) 
MOCVD growth of GaNAs on sapphire 
(Sharp Co.) 
Initial stage growth of GaN on surface treated 
sapphire substrates (Kyocera Cot-p) 
MOCVD growth of Si-doped AlNfield emitting 
structures (m basic research labs) 
Properties of GaN thin films grown by FACE LO 
method (Mie University + Sumitomo Chemical) 
Growth of high quality AlGaN by MOCVD (Meijo 
University) 
Use of HVPE for growth of GaN at rates exceed. 
ing 300 micrometers/hour (Furukawa Co Ltd) 
Epitaxial GaN growth on conducting substrates 
at room temperature (University of Tokyo) 
lities on diluted magnetic semiconductors 
Observation of tunneling magnetoresistance in 
(Ga,MnjAs/GaAs/(Ca,Mnj As structures. 
Eflect of low temperature annealing on the elec- 
trical properties of (Ga,Mn>As. (Tohoku Univ.) 
Electrical properties of MnAs/NiAs/MnAs epitaxi- 
al ferromagnetic layers 
The spin filter transistor and related logic 
devices (University of Tokyo) 
Increased Curie temperature of delta doped 
(Ga,MnjAs (Osaka University) 
Effect of carrier density on magnetic 
phase transition of GeMnTe (Yamaguchi 
University) 
Magneto-optical properties of CdTe/CdMnTe 
quantum wi%s (Kobe University) 
SPM patterning of MnSb thin films (AIST) 
Observation of an increase in the Curie temper- 
ature of (Ga,MnjAs due to In doping 
Anomalous Hall efsect in p-type (Ga,MnjAs 
(Tokyo Institute of Technology) 
Study on absorption of soft x-rays and emission 
spectrum of (Ga,MnjN (Riken/SpringS) 
Room temperatuure coulomb blockade of a ferro- 
magnetic single electron trarisistor (National 
Institute of AIST) 
Use of electron beam lithography fabricating 
nanometer TMR junctions (Tohoku University) 
Trends 
Reports on nitrides and photonic nanostruc- 
tures have increased over the last few years 
reflecting the increased activity in these fields. 
The only field with a greater increase in the 
number of reports over the last three years was 
molecular electronics.The next major technical 
meeting organized by the JSAP is the Fall meet- 
ing at Fukuoka University, August 30th to 
September 2nd. 
Further information about the JSAP can be found 
at: www.jsap.or.jp/english/index.html 
